Glyoxalases I and I1 have been studied and characterized in animals and in micro-organisms [ 11, but the work on glyoxalases in plants is still restricted to a few reports. Resides having a role in growth and development [ 1, 21, the enzymes help in the protection against ketoaldehyde toxicity [3, 41, as methylglyoxal, 
Glyoxalases I and I1 have been studied and characterized in animals and in micro-organisms [ 11, but the work on glyoxalases in plants is still restricted to a few reports. Resides having a role in growth and development [ 1, 21 , the enzymes help in the protection against ketoaldehyde toxicity [3, 41 , as methylglyoxal, which is cytotoxic at high concentrations [S] is used as the substrate. Glyoxalases also affect microtubule assembly in cell-free systems [6] and are involved in vesicle mobilization [7, 81 and in various diseases [9- 131 as well.
Establishment of the presence of the glyoxalase system in plants
The activity of glyoxalase I has been measured in a gymnosperm and a role for it in needle development has been suggested [ 141. Glyoxalase I and I1 levels were measured in Douglas Fir needles and calli. It was observed that a vigorously dividing system, like the callus, had more glyoxalase I and less methylglyoxal than a more quiescent system, like the needles, which had a very high methylglyoxal level and undetectable levels of glyoxalase I. Hesides glyoxalase I and 11, the level of methylglyoxal synthetase and reductase were measured as well in the same system. Methylglyoxal synthetase was detected in mature needles, while methyl reductase was present in young, dividing needles and in calli. It Table 2 . Glyoxalase I1 has been purified from plant sources as well, from spinach [21] , Mung bean [22] , A. Vera [20] and maize [23] . Gly- 
Presence of methylglyoxal in plant tissues and its effect
Methylglyoxal, when added exogenously to growing wheat seedlings, inhibited the growth as well as the enzyme activity. The inhibition in growth correlated positively with the extent of the inhibition of the enzyme activity. Similarly 75% inhibition in the growth of the Amaranthus callus was observed in the presence of methylglyoxal. Adding methylglyoxal to cell-suspension cultures caused a decrease in the fresh weight and cell number compared with the control as well, suggesting that methylglyoxal is an inhibitor of cell division. It also inhibited the DNA synthesis as measured by ['Hlthymidine incorporation into DNA, suggesting a possible action at the S phase of the cell cycle
The endogenous presence of methylglyoxal in plant tissues has been shown also. It was isolated from pine needles as its 2,4-dinitrophenylene osazone derivative [ 141. W e have isolated methylglyoxal from pea seedlings as well. Approx. 0.1 p M methylglyoxal per gram fresh weight was obtained using the modified procedure used by Fodor et al. [26] and Smits and Johnson [ 141. The endogenous levels of the inhibitor have not been measured using the modified protocols [27, 281. ~251.
Effect of exogenous factors on glyoxalase levels
Although the exact role of the methylglyoxal-glyoxalase system is not yet known, a strong correla- tion with cell proliferation has been noticed in a number of systems. The enzyme activity was studied in pea shoots and roots at different stages and after modulating the growth with external factors. It was observed that the enzyme activity increased nearly linearly in shoots and roots from days 3-10. Similar studies were done in Brassica seedlings also and it was observed that the enzyme activity increased up to day 7 and then declined. T o determine whether the enzyme activity is related to cell proliferation, the enzyme levels were measured in meristematic and elongating zones of pea roots.
In root tips the enzyme activity was two-fold higher than that in the elongation zone [15] . The enzyme activity correlated with the mitotic index. Correlation between cell proliferation and glyoxalase activity has been shown in Datura and pea calli as well.
Effect of hormones and polyamines
In pea calli grown on H 5 hormone-supplemented medium (benzylaminopurine, 0.5 ppm.; indoleacetic acid, 10-'M and kinetin, lo-') the enzyme activity increased by 108% and the cell number increased up to four-fold. Similar results were obtained with Datura and Nicotiana calli. B. oleracea calli proliferated if they were grown on basal medium, if hormones (naphthalene acetic acid and benzylaminopurine) were added to the culture medium while they differentiated. Supplementing the hormone medium with spermidine resulted in profuse callusing, without differentiation, with a 330% increase in fresh weight and an eight-fold increase in glyoxalase I activity [29] . Similarly when the Duturu callus was grown on B5 containing naphthalene acetic acid (0.2 p p m . ) and supplemented with spermine (10-"M) or spermidine (10-'M), a 42% and 46% respective increase in glyoxalase I was noted [34]. Using the polyamine-biosynthesis inhibitor methylglyoxalbis(guanyl hydrazone), inhibited callus growth and cell division in suspension culture and led to differentiation. Under these conditions the glyoxalase I levels were low as well. These results correlate directly cell proliferation with high glyoxalase I activity and differentiation with low glyoxalase I activity. Similar results were also obtained with Amaranthus calli, when grown on hormone-supplemented medium [33] .
Effect of light
An Amaranthus callus grown under light, in the presence of hormones, showed a 175% increase in cell proliferation and a 155% increase in glyoxalase activity over the corresponding cultures grown in the dark. Red or blue light treatment for 5min stimulated the enzyme activity by 162% and 278%, respectively, after 4 h [ 181. Stimulation of enzyme activity could be detected as early as after 15 min and at 30 min the stimulation was 55%, which suggests that glyoxalase I activity is under stringent control of photoreceptors in plants.
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Effect of inhibitors
Cell-division inhibitors like colchicine and vinblastine, which have been shown to interfere with the microtubular system of different cell types [30] , decreased the glyoxalase activity when used in vivo.
It has been shown earlier that the glyoxalase system affects microtubule assembly [6] . As well as the general cell-division inhibitors, specific inhibitors of glyoxalase I, such as isoascorbate and squaric acid, were also used to see if enzyme inhibition led to a decrease in cell growth. There was a proportionate increase in enzyme activity, DNA content and cell number in the control over days 2-10 in the Datura callus. However, with the glyoxalase I inhibitors isoascorbate and squaric acid, there was a significant inhibition of cell number, DNA content and glyoxalase I activity.
The mechanism by which glyoxalase levels are regulated by hormones, light and other factors is not clear. Based on experimental evidence Hagga et al.
[31] and Das et al. [32] proposed that the phosphoinositide cycle and Ca2+ and calmodulin were involved in this induction. It has been proposed that exogenous factors would affect the level of cytosolic calcium, which in turn, by activating calmodulin, would activate glyoxalase I. Inhibitors of calmodulin were found to inhibit glyoxalase I activation and purified glyoxalase was also found to be stimulated in the presence of Ca2 + /calmodulin, which could replace the requirement for magnesium. More work needs to be done to establish the physiological role of this mechanism of activating glyoxalase.
Recently we proposed a working model (Figure 1 ) for the induction of glyoxalase I. As is known from previous results a high concentration of methylglyoxal leads to retarded cell division and a lower growth rate, hence, for the cells to proliferate, methylglyoxal levels must be regulated. This could be achieved either by blocking methylglyoxal or by degrading methylglyoxal. Considering synthesis of methylglyoxal, the biosynthetic pathways are not well worked out yet in plants. However, regulation by degradation seems to operate, as the presence of enzyme glyoxalase I has been demonstrated conclusively and has been shown to be 
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